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Progressive loss of dopaminergic neurons in substantia nigra is a key 
pathogenesis of Parkinson's disease. In the present study, we investi- 
gated the effects of treadmill exercise on short-term memory, apoptotic 
dopaminergic neuronal cell death and fiber loss in the nigrostriatum, and 
cell proliferation in the hippocampal dentate gyrus of Parkinson's rats. 
Parkinson's rats were made by injection of 6-hydroxydopamine (6-0HDA) 
into the striatum using stereotaxic instrument. Four weeks after 6-0HDA 
injection, the rats in the 6-0HDA-injection group exhibited significant 
rotational asymmetry following apomorphine challenge. The rats in the 
exercise groups were put on the treadmill to run for 30 min once a day 
for 14 consecutive days starting 4 weeks after 6-OHDA injection. In the 
present results, extensive degeneration of the dopaminergic neurons in 



INTRODUCTION 

Parkinson's disease is induced by degeneration of neurons in the 
substantia nigra. Clinical manifestations of Parkinson's disease are 
tremor at rest, muscle rigidity, postural instability, an inability to 
initiate or complete movements, and a lack of facial expression as 
well as cognitive and vegetative disturbances (Fahn, 2003). Par- 
kinson's disease patients show impairment in working and episod- 
ic memory and procedural learning ability (Dujardin and Laurent 
et al., 2003). Memory impairment is associated with hippocampal 
atrophy in Parkinson's disease (Riekkinen et al, 1998; Camicioli 
et al., 2003). The hippocampus plays an important role in learning 
and memory. 
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the substantia nigra with loss of dopaminergic fibers in the striatum were 
produced in the rats without treadmill running, which resulted in short- 
term memory impairment. However, the rats performing treadmill run- 
ning for 2 weeks alleviated nigrostriatal dopaminergic cell loss and alle- 
viated short-term memory impairment with increasing cell proliferation 
in the hippocampal dentate gyrus of Parkinson's rats. The present re- 
sults show that treadmill exercise may provide therapeutic value forthe 
Parkinson's disease. 
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Apoptosis, known as programmed cell death, is enhanced by a 
variety of pathologic stimuli. He et al. (2000) showed that intra- 
cerebral injection of 6-hydroxydopamine (6-OHDA) caused apop- 
totic cell death of dopaminergic neurons in the substantia nigra of 
rats. Apoptotic cell death is implicated in the pathogenesis of Par- 
kinson's disease (Lev et al., 2003). Caspases, which make up a fam- 
ily of cysteinyl proteases encompassing 14 members, are essential 
players in apoptotic cell death both as initiators (caspase-2, -8, -9, 
and -10) and executioners (caspase-3, -6, and -7). It has also been 
reported that caspases- 3 is activated following Parkinson's disease 
(Hartmann et al, 2000). 

Cell proliferation and/or neurogenesis in the hippocampal den- 
tate gyrus continue throughout life in the adult mammals includ- 
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ing humans (Eriksson et al., 1998). New cell formation in the 
hippocampal dentate gyrus is increased by learning, memory, se- 
rotonin, N-methyl-D-aspartate (NMDA) receptor antagonists, and 
exposure to an enriched environment including physical exercise 
(Fuchs and Gould, 2000). van Praag et al. (1999) reported that 
voluntary wheel running increased cell proliferation and survival 
in mice, and Trejo et al. (2001) showed that treadmill exercise en- 
hanced cell proliferation in the hippocampal dentate gyrus in rats. 

Physical exercise improved motor performance, enhanced cog- 
nitive function, and reduced mortality and incidence of Parkinson's 
disease (Chen et al., 2005; Miyai et al., 2000). Exercise facilitated 
functional recovery after striatal lesions and striatal grafts (Dobrossy 
and Dunnett, 2003), and exercise stimulated dopamine synthesis 
in the striatum of epileptic mice (Sutoo and Akiyama, 2003). Re- 
habilitative motor training attenuated the behavioral and neuro- 
chemical deficits induced by 6-OHDA injection in rats (Cohen et 
al., 2003; Tillerson et al., 2003). Special movement therapy im- 
proved short-term memory in Parkinson's disease patients (Scha- 
low et al, 2005). 

Endogenous 6-OHDA is a neurotoxin which selectively injures 
catecholaminergic neurons (Jellinger et al., 1995) and it causes 
progressive loss of nigral dopaminergic neurons (Blum et al., 2001). 
The rats receiving intrastriatal infusion of 6-OHDA have widely 
been used as the animal model of Parkinson's disease (Yoon et al., 
2007). Tyrosine hydroxylase (TH) is the rate-limiting enzyme in 
the synthesis of the catecholamine neurotransmitters such as do- 
pamine, epinephrine, and norepinephrine. TH activity is progres- 
sively decreased following the loss of dopamine neurons in the 
substantia nigra of the Parkinson's disease (Yoon et al., 2007). 

In the present study, we investigated whether treadmill exercise 
exerts therapeutic effects on symptoms of Parkinson's disease after 
onset of this disease. The effects of treadmill exercise on short-term 
memory, apoptotic dopaminergic neuronal cell death and fiber loss 
in the nigrostriatum, and cell proliferation in the hippocampal den- 
tate gyrus of 6-OHDA-induced Parkinson's rats were evaluated. 

MATERIALS AND METHODS 

Animals and treatments 

Adult female Sprague-Dawley rats weighing 200 ± 10 g (6 weeks 
in age) were used in this experiment. The rats were housed at a 
room temperature (20±2°C) under standard 12 h light/dark cy- 
cles (lights on at 07:00 a.m.). Food and water were made available 
ad libitum. The experimental procedures were performed in accor- 
dance with the animal care guidelines of the National Institutes of 



Health (NIH) and the Korean Academy of Medical Sciences. The 
animals were randomly assigned into four groups (n= 10 in each 
group): the sham-operation group, the sham-operation and exer- 
cise group, the 6-OHDA-injection group, and the 6-OHDA- 
injection and exercise group. 

The rats in the 6-OHDA-injection groups were anesthetized 
with Zoletil 50® (10 mg/kg, i.p.; Vibac Laboratories, Carros, 
France), and placed in a stereotaxic frame. Through a hole drilled 
in the skull, a 26-gauge needle was implanted into the striatum 
at the following coordinates: 3.0 mm lateral to midline, 0.0 mm 
anterior to coronal suture, depth 6.0 mm deep from the surface of 
the brain. And then, 6-OHDA (20 ug/5 uL) containing 0.2 mg/mL 
L-ascorbic acid was injected at the rate of 1 uL/min. The needle 
remained in place for an additional 5 min following the infusion, 
and then was slowly withdrawn. The animals in the sham opera- 
tion groups were injected with an equivalent dose of physiological 
saline with the same method. 

Apomorphine-induced rotation test 

Four weeks after unilateral 6-OHDA injection into the striatum, 
the changes of rotational behavior induced by apomorphine (0.5 
mg/kg, s.c.) were assessed using an automatic rotometer over 60 
min period as the previously described method (Yoon et al., 2007). 
The net number of rotations was counted as follows: the number 
of contralateral rotation - the number of ipsilateral rotation with 
respect to the 6-OHDA injection side. 

Exercise protocol 

The animals in the exercise groups were forced to run on a mo- 
torized treadmill for 30 min once a day for 14 consecutive days 
starting 4 weeks after 6-OHDA injection. The exercise load con- 
sisted of running at a speed of 2 meters/min for the first 5 min, 5 
meters/min for the next 5 min, and then 8 meters/min for the last 
20 min. The animals in the non-exercise groups remained in the 
treadmill for the same duration of time without running. To all 
animals, 50 mg/kg 5-bromo-2'-deoxyuridine (BrdU, Sigma Chem- 
ical Co., St. Louis, MO, USA) was given intraperitoneally 1 h be- 
fore the starting of treadmill running once a day for the same du- 
ration of treadmill exercise. 

Step-down avoidance task 

In order to evaluate the short-term memory, we first determined 
the latency of the step-down avoidance task, according to the pre- 
viously described method (Kim et al., 2013). On the 12th day from 
the beginning of the treadmill exercise, the rats were trained on a 
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step-down avoidance task. The rats were placed on the 7 x 25 cm 
platform, 2.5 cm in height and allowed to rest on the platform for 
2 min. The platform faced a 42 x 25 cm grid of parallel 0. 1 cm-cal- 
iber stainless steel bars spaced 1 cm apart. In training sessions, the 
animals received 0.3 mA scramble foot shock for 2 sec immedi- 
ately upon stepping down. Retention time was determined on the 
14th day from the commencement of treadmill exercise. The in- 
terval of rats stepping down and placing all four paws on the grid 
was defined as the latency of step-down avoidance task. The laten- 
cy over 300 sec was counted as 300 sec. 

Tissue preparation 

After behavior test, the animals were deeply anesthetized with 
Zoletil 50® (10 mg/kg, i.p.; Vibac Laboratories, Carros, France), 
transcardially perfused with 50 mM phosphate-buffered saline (PBS) 
and fixed with 4% paraformaldehyde (PFA) in 100 mM phosphate 
buffer (PB) at pH 7.4. The brain were removed, postfixed in the 
fixative overnight, and transferred into a 30% sucrose solution for 
cryoprotection. Serial coronal sections of 40 um thick were made 
with a freezing microtome (Leica, Nussloch, Germany). 

TH immunohistochemistry 

The sections in the substantia nigra was selected from the region 
spanning from Bregma -5.2 mm to -5.6 mm, and TH-immuno- 
histochemistry was performed as the previously described method 
(Kim et al., 2012; Yoon et al., 2007). The staining was carried out 
using free-floating sections. The sections were rinsed in PBS and 
incubated in 3% H2O2 for 20 min to block the endogenous per- 
oxidase activity. After washing in PBS, the sections were incubat- 
ed in blocking serum (10% normal horse serum and 0.1% Triton 
X-100 in PBS) for 30 min, followed by incubation in anti-TH 
mouse monoclonal antibody solution (1:1,000; Chemicon, Tem- 
cula, CA, USA) for 24 h at room temperature. The sections were 
then incubated for 1 h in biotinylated anti-mouse IgG secondary 
antibody (1:300; Vector Laboratories, Burlingame, CA, USA). 
The sections were subsequently incubated with avidin-biotin-per- 
oxidase complex (Vector Laboratories) for 1 h at room tempera- 
ture. Immunoreactivity was visualized by incubating the sections 
in a solution consisting of 0.05% 3,3-diaminobenzidine (DAB) 
and 0.01% H2O2 in 50 mM Tris buffer (pH 7.6) for 3 min. The 
sections were mounted on gelatine-coated slides and cover slipped 
with mounting medium. 

For TH-immunohistochemistry in the striatum, the sections 
from Bregma 0.1 mm to -0.1 mm were selected to quantify the 
optical densities of TH-immunoreactive fibers, according to the 



previously described method (Kim et al., 2012; Yoon et al., 2007). 
TH-immunoreactive fiber density was measured in 100 x 100 jam 
square images of the striatum using an image analyzer (Multiscan, 
Fullerton, CA, USA). 

Caspase-3 immunohistochemistry 

For visualization of the caspase-3 expression in the substantia 
nigra, caspase-3 immunohistochemistry was performed as previ- 
ously described method (Lee et al., 2003). The brain sections were 
incubated overnight with mouse anti-caspase-3 antibody (1:500; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) and then for an- 
other 1 h with the biotinylated mouse secondary antibody. The 
bound secondary antibody was then amplified with Vector Elite 
ABC kit® (Vector Laboratories). The antibody-biotin-avidin-per- 
oxidase complexes were visualized using 0.02% DAB. The sections 
were finally mounted onto gelatin-coated slides. The slides were 
air dried overnight at room temperature, and the coverslips were 
mounted using Permount®. 

BrdU immunohistochemistry 

For the detection of newly generated cells in the hippocampal 
dentate gyrus, BrdU-specific immunohistochemistry was per- 
formed as the previously described method (Kim et al., 2012). In 
brief, the brain sections were permeabilized by incubation in 0.5% 
Triton X-100 in PBS for 20 min, then pretreated in 50% forma- 
mide-2 x standard saline citrate (SSC) at 65 °C for 2 h, denaturat- 
ed in 2 N HC1 at 37°C for 30 min, and rinsed twice in 100 mM 
sodium borate (pH 8.5). Afterwards, the sections were incubated 
overnight at 4°C with BrdU-specific mouse monoclonal antibody 
(1:600; Vector Laboratories). The sections were then washed three 
times with PBS and incubated for 1 h with the biotinylated mouse 
secondary antibody (1:200; Vector Laboratories). Then the sections 
were incubated for another 1 h with avidin-peroxidase complex 
(1:100; Vector Laboratories). For visualization, the sections were 
incubated for 5 min in 50 mM Tris-HCl (pH 7.6) containing 
0.02% DAB, 40 mg/mL nickel chloride, and 0.03% hydrogen 
peroxide. Subsequently, the slides were air-dried overnight at room 
temperature, and coverslips were mounted using Permount®. 

Data analysis 

All values are expressed as the mean ± standard error of the mean 
(SEM). For comparisons among the groups, one-way analysis of 
variance (ANOVA) and Duncan's post-hoc test were performed 
with P < 0.05 as an indication of statistical significance. The num- 
ber of TH-immunoreactive neurons in the substantia nigra was 
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counted in each section using a microscope (Olympus, Tokyo, Ja- 
pan). The survival rate of TH-positive cells in the substantia nigra 
was calculated as follows: the number of TH-positive cells in the 
lesion side/the number of TH-positive cells in the intact side. To 
estimate the TH-staining density, the optical densities were cor- 
rected for nonspecific background density, which was measured in 
completely denervated parts of the striatum. The ratio of TH-pos- 
itive fiber density in the striatum was calculated as follows: opti- 
cal density in the lesion side/optical density in the intact side. The 
number of caspase- 3 -positive cells in the ipsilateral substantia nig- 
ra was counted in each section. The area of the granular layer of 
dentate gyrus was traced using Image-Pro®Plus image analyzer 
(Media Cybernetics Inc., Silver Spring, MD, USA) at 40 x magni- 
fication. The number of BrdU-positive cells was expressed as the 
mean number of cells per mm 2 of the cross sectional area of the 
granular layer of the dentate gyrus. 

RESULTS 

Effect of 6-OH DA treatment on apomorphine-induced 
rotation test 

Assessment of apomorphine-induced changes in rotational be- 
havior at 4 weeks after injecting of 6-OHDA into the striatum was 
conducted. The number of net rotation was -15.05 ±11.4 turns/h 
in the sham-operation group and 108.75 ±21.8 turns/h in the 
6-OHDA-injection group. Rotational asymmetry was induced 4 
weeks after injection of 6-OHDA into the striatum. 

Effect of treadmill exercise on latency in the step-down 
avoidance task after 6-OHDA-injection 

The latency in the step-down avoidance task was 230.56 ±26.95 
sec in the sham-operation group and 235.33 ±25.85 sec in the 
sham-operation and exercise group. Treadmill exercise exerted no 
significant effect on the latency in normal rats. The latency in the 
6-OHDA-injection group was 81.70+17.55 sec and 250.70± 
21.00 sec in the 6-OHDA-injection and exercise group. Short-term 
memory was significantly decreased without treadmill exercise for 
2 weeks. However, treadmill exercise for 2 weeks protected 6- 
OHDA-induced decline of short-term memory (Fig. 1). 

Effect of treadmill exercise on TH expression in the 
nigrostriatum after 6-OHDA injection 

Photomicrographs of TH-positive cells in the substantia nigra 
are presented in Fig. 2. Survival rate of TH-immunoreactive neu- 
rons in the substantia nigra was 94.73 ±0.80% in the sham-oper- 



ation group, 94.86 ±4.80% in the sham-operation and exercise 
group, 27. 04± 13.60% in the 6-OHDA-injection group, and 
44.55 ±6.10% in the 6-OHDA-injection and exercise group. 
Survival rate of dopaminergic neurons in the substantia nigra was 
decreased without treadmill exercise for 2 weeks. However, tread- 
mill exercise for 2 weeks alleviated 6-OHDA-induced dopaminer- 
gic neuronal cell death in the substantia nigra. 

Photomicrographs of TH-immunoreactive fibers in the stria- 
tum are presented in Fig. 3. The optical density of TH-immuno- 
reactive fibers in the striatum was 0.99 ±0.02 in the sham-opera- 
tion group, 1.03 ±0.01 in the exercise group, 0.70 ±0.02 in the 
6-OHDA-injection group, and 0.80 ±0.05 in the 6-OHDA-in- 
jection and exercise group. Fiber density of dopaminergic neurons 
in the striatum was decreased without treadmill exercise for 2 weeks. 
However, treadmill exercise for 2 weeks alleviated 6-OHDA-in- 
duced dopaminergic fiber loss in the striatum. 

Effect of treadmill exercise on caspase-3 expression in the 
substantia nigra after 6-OHDA injection 

Photomicrographs of caspase- 3 -positive cells in the substantia 
nigra are presented in Fig. 4. The number of caspase- 3 -positive 
cells was 25.20±4.08/section in the sham-operation group and 
22.89±5.51/section in the sham-operation and exercise group. 
There was no statistically significant difference in the number of 
caspase- 3 -positive cells between the sham-operation group and 
the sham-operation and exercise group. The number of caspase- 




A B C D 



Fig. 1. Effect of treadmill exercise on latency in the step-down avoidance task. 
Values are presented as the mean ± standard error of the mean (SEM). (A) Sh- 
am-operation group, (B) sham-operation and exercise group, (C) 6-OHDA-injec- 
tion group, (D) 6-OHDA-injection and exercise group, * represents P<0.05 com- 
pared to the sham-operation group. Represents P<0.05 compared to the 6-hy- 
droxydopamine (6-OHDA)-injection group. 
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Fig. 2. Effect of treadmill exercise on tyrosine hydroxylase (TH) expression in 
the substantia nigra. Upper: Photomicrographs showing TH-specific immuno- 
histochemical staining of the substantia nigra. The scale bar represents 200 
urn. Lower: Survival rates of TH-immunoreactive neurons in each group. Values 
are presented as the mean ± standard error of the mean (SEM). (A) Sham-oper- 
ation group, (B) sham-operation and exercise group, (C) 6-OHDA-injection group, 
(D) 6-OHDA-injection and exercise group, "represents P<0.05 compared to the 
sham-operation group. Represents P<0.05 compared to the 6-hydroxydopa- 
mine (6-OHDA)-injection group. 

3 -positive cells was increased to 58.60 ± 12.1 4/section in the 
6-OHDA-injection group, but it was reduced to 44.36 ± 18.81/ 
section in the 6-OHDA-injection and exercise group. Caspase-3 
expression in the substantia nigra was increased without treadmill 
exercise for 2 weeks. However, treadmill exercise for 2 weeks sup- 
pressed the 6-OHDA-induced caspase-3 expression in the sub- 
stantia nigra. 

Effect of treadmill exercise on cell proliferation in the 
dentate gyrus after 6-OHDA injection 

Photomicrographs of BrdU-positive cells in the dentate gyrus 
are presented in Fig. 5. The number of BrdU-positive cells was 
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Fig. 3. Effect of treadmill exercise on tyrosine hydroxylase (TH) expression in 
the striatum. Upper: Photomicrographs of TH-positive fibers in the striatum. 
The scale bar represents 500 urn. Lower: The optical density of TH-immunore- 
active fibers. Values are presented as the mean ± standard error of the mean 
(SEM). (A) Sham-operation group, (B) sham-operation and exercise group, (C) 
6-OHDA-injection group, (D) 6-OHDA-injection and exercise group, ""represents 
P<0.05 compared to the sham-operation group. Represents P<0.05 compared 
to the 6-hydroxydopamine (6-OHDA)-injection group. 

305.83 ± 14. 33/mm 2 in the sham-operation group, 396.79 ± 
18.19/mm 2 in the sham-operation and exercise group, 2 14. 18 ± 
13.11/mm 2 in the 6-OHDA-injection group, and 407.00±22.79/ 
mm 2 in the 6-OHDA-injection and exercise group. New cell pro- 
liferation in the dentate gyrus was suppressed without treadmill 
exercise for 2 weeks. However, treadmill exercise for 2 weeks en- 
hanced new cell proliferation in the dentate gyrus under both nor- 
mal and Parkinson's disease conditions. 

DISCUSSION 

Caspase-3 is a critical factor for cell death in the substantia nig- 
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Fig. 4. Effect of treadmill exercise on caspase-3 expression in the substantia 
nigra. Upper: Photomicrographs of in the substantia nigra. The scale bar rep- 
resents 200 urn. Lower: The number of caspase-3-positive cells. Values are pre- 
sented as the mean ± standard error of the mean (SEM). (A) Sham-operation 
group, (B) sham-operation and exercise group, (C) 6-OHDA-injection group, (D) 
6-OHDA-injection and exercise group, "represents P<0.05 compared to the sh- 
am-operation group. Represents P<0.05 compared to the 6-hydroxydopamine 
(6-0HDA)-injection group. 

ra of Parkinson's patients, and it is the initiating caspase in Par- 
kinson's disease (Andersen, 2001; Hartmann et al, 2000). Patho- 
genesis of Parkinson's disease involves glutamate toxicity and mi- 
tochondrial defects (Schapira, 2001). 6-OHDA induces oxidative 
stress (Jakel et al., 2005) and injection of 6-OHDA initiated apop- 
totic neuronal cell death in the substantia nigra and decreased the 
number of dopaminergic neurons (Blum et al., 2001; Yoon et al., 
2007). In the present results, 6-OHDA injection into the stria- 
tum, an extensive degeneration of the dopaminergic neurons in 
the substantia nigra with loss of dopaminergic fibers in the stria- 
tum was produced, which resulted in short-term memory impair- 
ment. Apoptotic neuronal cell death in the substantia nigra was 
also occurred by intrastriatal injection of 6-OHDA. 

http://dx.doi.org/10.12965/jer.130048 
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Fig. 5. Effect of treadmill exercise on cell proliferation in the hippocampal den- 
tate gyrus. Upper: Photomicrographs of 5-bromo-2'-deoxyuridine (BrdU)-posi- 
tive cells. The scale bar represents 200 urn. Lower: The number of BrdU-posi- 
tive cells. Values are presented as the mean ± standard error of the mean (SEM). 
(A) Sham-operation group, (B) sham-operation and exercise group, (C) 6-OHDA- 
injection group, (D) 6-OHDA-injection and exercise group. Represents P<0.05 
compared to the sham-operation group. Represents P<0.05 compared to the 
6-hydroxydopamine (6-OHDA)-injection group. 

Physical exercise attenuates behavioral and neurobiological ab- 
normalities of the 6-OHDA- treated rats (Cohen et al., 2003; Til- 
lerson et al., 2003). Cohen et al. (2003) observed that exercise in- 
creased glial cell-line neurotrophic factor (GDNF) expression in 
the striatum after 6-OHDA injection. GDNF possesses protective 
and restorative effects against 6-OHDA-induced neurotoxicity in 
the dopaminergic neurons. Exercise decreased the ratio between 
dopamine transporter and vesicular monoamine transporter, which 
might lower the susceptibility of dopaminergic neurons to neuro- 
toxins and reduce cytosolic dopamine oxidation (Tillerson et al., 
2003). Faherty et al. (2005) showed that environmental enrich- 
ment including wheel running reduced l-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP)-induced degeneration of dopaminer- 
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gic neurons in mice via increasing in GDNF expression. Physical 
exercise is known to activate endogenous anti-oxidant systems in 
the brain and down-regulate the expression of glutamate receptors 
implicated in excitotoxicity (Devi et al, 2004). Treadmill exercise 
ameliorated MPTP-induced dopaminergic neuronal loss by inhib- 
iting brain inflammation in mice (Sung et al., 2012). In the pres- 
ent results, treadmill exercise for 2 weeks enhanced survival of ni- 
grostriatal dopaminergic neurons and decreased apoptotic cell death 
in the substantia nigra of 6-OHDA-induced Parkinson's rats. 

Hippocampal atrophy correlates with memory impairment in 
Parkinson's patients, and dopaminergic dysfunction may disturb 
spatial working memory and attentional set-shifting accuracy 
(Riekkinen et al., 1998). Cell proliferation in the subgranular zone 
of the dentate gyrus may be under the dopaminergic control, and 
the number of neural precursors in the dentate gyrus was decreased 
in the MPTP-treated mice with Parkinson's disease (Honglinger et 
al., 2004). In present results, cell proliferation in the dentate gyrus 
was suppressed and short-term memory was deteriorated by intra- 
striatal injection of 6-OHDA. 

Exercise increases cell proliferation in the hippocampal dentate 
gyrus and enhances long-term potentiation, spatial learning, syn- 
aptic strength, and memory functions (Kim et al., 2004; van Praag 
et al., 1999)- Generation of new neurons in the hippocampus is 
essential for the maintaining of normal learning and memory pro- 
cesses (Kim et al., 2012). In present results, treadmill exercise al- 
leviated short-term memory impairment through increasing hip- 
pocampal cell proliferation in the 6-OHDA-induced Parkinson's 
rats. 

Here, we have shown that treadmill exercise reduced nigrostria- 
tal dopaminergic neuronal cell death and fiber loss and increased 
cell proliferation in the 6-OHDA-induced Parkinson's rats. These 
results suggest that treadmill exercise may provide therapeutic 
value for the treatment of Parkinson's disease. 
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